A total of 17 PI and TAC clones each representing an assigned region of chromosome 5 were isolated from PI and TAC genomic libraries of Arabidopsis thaliana Columbia, and their nucleotide sequences were determined. The length of the clones sequenced in this study summed up to 1,081,958 bp. As we have previously reported the sequence of 9,072,622 bp by analysis of 125 PI and TAC clones, the total length of the sequences of chromosome 5 determined so far is now 10,154,580 bp. The sequences were subjected to similarity search against protein and EST databases and analysis with computer programs for gene modeling. As a consequence, a total of 253 potential protein-coding genes with known or predicted functions were identified. The positions of exons which do not show apparent similarity to known genes were also assigned using computer programs for exon prediction. The average density of the genes identified in this study was 1 gene per 4277 bp. Introns were observed in 74% of the potential protein genes, and the average number per gene and the average length of the introns were 4.3 and 168 bp, respectively. The sequence data and gene information are available on the World Wide Web database KAOS (Kazusa Arabidopsis data. Opening Site) at http://www.kazusa.or.jp/arabi/.
Introduction
duced by computer-aided analysis are described.
For the purpose of understanding of entire genetic in-2 i s o i a t ion and Sequencing of PI and TAC formation carried in higher plants, we have been operatp , ing a large-scale sequencing of the Arabidopsis thaliana genome, which is estimated to be approximately 120 Mb D N A s o u r c e s and the method of clone isolation were long consisting of five chromosomes. We focused our tar-essentially the same as described in the previous paper. 3 get on chromosomes 5 and 3, and we have constructed T h e P 1 a n d T A C c l o n e s c o n t a ining the DNA regions contig maps of both chromosomes with clones from YAC, w h i c h c o v e r a t o t a l o f 1 7 D N A markers on chromoPl, TAC, and BAC libraries.
1 -2 For DNA sequencing, we s o m e 5 w e r e isolated by screening the Mitsui P I 1 0 first isolated the chromosome-specific clones from PI and a n d T A C ( LiU) y.-G. et al., manuscript in prepa-TAC libraries, and performed the sequence analysis of PI r a t i o n ) libraries by means of polymerase chain reacand TAC clones physically assigned on the chromosomes. t i o n (PCR) with the primers designed from the seWe previously reported sequence features of the regions q u e n c e i n f o r m a tion of DNA markers. The DNA markof approximately 9 Mb of chromosome 5, which are cov-e r s a n d se lected clones are T04154 (MYH9), ends of ered by 125 PI and TAC clones. the markers and the sequenced clones on chromosome 5 are shown in Fig. 1 . The relative orientation of each clone and contig on the chromosome has been confirmed by anchoring both ends of the clone to those at the corresponding positions of the contig map. The nucleotide sequence of each PI or TAC insert was determined according to the bridging shotgun method described previously. 3 The length of the nucleotide sequence of each PI or TAC insert finally confirmed is indicated at the top of Fig. 2 . The length of the DNA regions sequenced in this study was 1,081,958 bp, bringing the total length of the regions of chromosome 5 sequenced so far to 10,154,580 bp.
Assignment of Potential Coding Regions
For assignment of potential protein coding regions and gene modeling, similarity search and computer prediction were performed as described in the previous paper. 3 Briefly, similarity search against the non-redundant protein sequence database, Owl (release 30), was carried out using the BLASTP 11 program. Information obtained by similarity search was integrated into the gene models constructed with the aid of the following computer programs: Grail, 12 FEXA in GeneFinder, 13 ASPL in GeneFinder, 13 GENSCAN 14 and NetPlantGene programs. 15 The transcribed regions were assigned by comparison of the nucleotide sequences with Arabidopsis expressed sequence tags (ESTs) 16 ' 17 in the public databases using the BLASTN program.
11
The potential protein coding regions assigned were divided into three categories. A single exon or a region containing consecutive multiple exons showing similarity to a single reported gene throughout the alignment was assigned as a potential protein gene. They were denoted by numbers with the clone names followed by sequential numbers from one end to another of the insert. A region which matched only to portions of a reported gene and only to Arabidopsis ESTs were assigned as a potential exon(s) and a transcribed region, respectively. These regions were distinguished from the potential protein genes by adding "p" and "t" between the clone names and the sequential numbers in the identifiers, respectively. All the genes and gene portions assigned in each PI or TAC clone according to the above procedure are listed in the table below the figure, and also schematically represented in Fig. 2 . To sum up, 191 potential protein genes, 35 potential exons, and 27 transcribed regions were assigned in the 1,081,958 bp regions. An average density of the genes in the three categories in the total of 10,154,580 bp, including the previously reported sequences, is estimated to be 1 gene per 4267 bp. However, additional genes may be discovered among the genes and gene segments assigned in this study in the future, because our prediction is mainly based on similarity to the registered sequences.
RNA coding regions were assigned on the basis of sequence similarity to the reported structural RNAs. For tRNA genes, the prediction by the tRNAscan-SE program 18 was also taken into account. As indicated in Fig. 2, 4 tRNA genes corresponding to 3 amino acid species and a gene for U2 snRNA were identified in the 1,081,958 bp regions. These genes were denoted with the clone names followed by "r" and sequential numbers.
Structural Features of the Potential Protein Genes
In this paper, the complete structures of 191 potential protein genes were predicted. Structural features of these genes as well as those of 1603 genes including 
Expression Level of Potential Protein Genes and Gene Segments
The nucleotide sequence of each of the potential protein coding genes was compared with those in the Arabidopsis EST database, and the number of matched Arabidopsis ESTs was counted to monitor the transcriptional level of each gene. Of 253 genes that we identified in chromosome 5 in this study, 102 carried matched ESTs. The putative products of the genes hit by 10 or more EST files, suggesting to be a class of highly expressed genes, include those showing sequence similarity to phospholipid transfer protein (E2 gene product) in Brassica napus (MNC17.17 and MNC17.18) and actin 2/7 in A. thaliana (MYH9.1).
The sequence data as well as the gene information shown in this paper are available through the World Wide Web at http://www.kazusa.or.jp/arabi/. HI m a n n i IIBMII HI No.
Ex. AA651427  AA605317  AA712261  Z18514  R29981  AA597934  AA721893  AA720265  R65491  T22245  AA597569  T22552  AA597984  T70112   446  341  332  312  265  273  275  208  248  137  510  209 
